articles on a phenomenon they designated "novel popout." The typical interpretation of their findings is that a novel item rapidly and automatically attracts attention when displayed with familiar ones. J. Christie and R. Klein first show that the empirical pattern on which this claim is based can be easily explained in terms of a simple cognitive-load principle and note that effects not subject to this principle (or probability confounds) are rare in the target articles. We then show that these latter effects can be easily explained without assuming visual orienting toward the novel item. Finally, we outline 2 criteria that must be satisfied in order to make claims about the rapid orienting of attention in arrays with familiar and unfamiliar items, neither of which were met in any of the reviewed experiments.
In several recent articles, Johnston and colleagues (Hawley, Johnston, & Farnham, 1994; Johnston, Hawley, & Farnham, 1993; Johnston, Hawley, Plewe, Elliott, & DeWitt, 1990) have claimed that attention is rapidly and automatically drawn to a single novel item in an otherwise familiar array. Our purpose in this commentary is to critically review the evidence for this interesting claim.
General Overview
The typical method used by Johnston and colleagues Johnston et al., 1990 Johnston et al., , 1993 ) is shown in Figure 1 ( Figure 2 from Johnston et al., 1990, p. 400) . A four-item target array is presented for a certain duration and masked, and then, 500 ms later, a probe display is presented in which one item from the four-item array is repeated in all four locations. The participant's task is to indicate the location this probe item had occupied in the original array. There are two important points to mention concerning how this task was implemented. First, the stimulus onset asynchrony (SOA) between array onset and probe onset is relatively long, 900 ms in this example (583 ms is the shortest SOA used in the experiments reviewed here). Second, the main manipulation, which Johnston and colleagues denoted as familiar versus novel, is generally accomplished by using a small set of array items (usually three or four) that repeat An earlier version of this commentary was presented at the 35th Annual Meeting of the Psychonomics Society, St. Louis, Missouri, November 1994. Preparation of this article was supported by a Natural Science and Engineering Research Council of Canada Grant.
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From the titles of their articles, readers may assume that Johnston and colleagues Johnston et al., 1990 Johnston et al., , 1993 were manipulating familiarity in the absolute sense of comparing known items with unknown items. Although Johnston and colleagues stated precisely that this is not the case ('fflae 'novel' word in a 1:3 array was a familiar English word; however, unlike the 'familiar' words with which it was displayed its appearance could not be anticipated within the context of the experiment" [Johnston et al., 1990, p. 398] ), in their 1990 article, there is a section devoted to extending their "finding" of attentional capture by unexpected items to what they call "absolutely novel" items. Thus, Johnston et al. (1990) claimed they demonstrated attentional capture by novel-unexpected items and they suggested that this generalizes to unfamiliar-unknown ones. Unless otherwise stated, we use the terms familiarnovel to refer to contextual familiarity--that is, familiar items are frequently presented and thus are expected to occur in the context of the experiment, whereas novel items are presented once and thus are not expected to occur in the context of the experiment.
Although we later challenge whether any information can be extracted about rapid orienting of visual attention from the typical implementation of this method, it seems reasonable at this point to present the telltale "novel popout" pattern of results. Following Johnston et al. (1990) 's notation, where the first digit indicates the number of novel items in the target array and the second digit indicates the number of familiar items (novel:familiar), this requires three array types: four novel items (4:0), four familiar items (0:4), and one novel item with three familiar items (1:3). Data from these conditions are shown in Figure 2 ( Figure 1 from Johnston & Hawley, 1994, p. 57) , along with results from a computer simulation. Four effects compose the telltale pattern:
1. Baseline effect: Performance (localization accuracy) in all-familiar conditions (0:4) is better than performance in all-novel conditions (4:0).
2. Between-arrays familiar sink-in: Familiar items in a 1-novel-3-familiar (1:3) array are localized less accurately than familiar items in an all-familiar (0:4) array.
3. Between-arrays novel popout: A novel item in a 1:3 array is localized more accurately than novel items in an all-novel (4:0) array.
4. Within-array novel popout: The novel item in a 1:3 array is localized more accurately than the familiar items in that array.
In this commentary we are particularly concerned with Johnston and colleagues' (Johnston et al., 1990 (Johnston et al., , 1993 initial explanation for the telltale pattern of results, which attributes it to rapid orienting of visual attention toward a lone novel item embedded amongst familiar ones. This claim is conveyed implicitly in their titles ("Attention capture by novel stimuli" and "Novel popout ...") and stated explicitly in Johnston et al. (1990 and 1993): Thus upon presentation of the 1:3 type array, attention is initially spread diffusely across the whole visual field, but very rapidly begins to concentrate on the location of the novel object. (Johnston et al., 1990, p. 407) We submit tentatively that [novel popout] is based on the covert, rapid and automatic orientation of attention toward a perceptual trouble spot in an otherwise fluently perceived visual field. (Johnston et al., 1990, p. 410) The effects of exposure are significant also in indicating that the mismatch-based shifts of attention are executed very quickly, within 33 ms. (Johnston et al., 1993, p. 152) We show later in this article that the data do not force these conclusions and that the method used was not suitable for drawing inferences about rapid visual orienting.
Our critique deals with the connection from the methods and findings of Johnston and colleagues Johnston et al., 1990 Johnston et al., , 1993 to their conclusions. We do not claim that rapid orienting of visual attention toward novel items in experiments like those conducted by Johnston and colleagues does not occur. We do, however, claim that whether or not novelty elicits rapid orienting of visual attention remains an empirical question that the target experiments do not directly address.
Analysis of the Empirical Findings
Two points must be introduced before we proceed with an analysis of the findings from specific experiments.
The first is that, of the effects making up the telltale pattern, it is the within-array "novel popout" effect that is most direct and compelling. Between-arrays effects, although consistent with a rapid orienting of visual attention account, can be easily explained in terms of generally accepted consequences of overall-task difficulty. In an early empirical demonstration of these consequences, Mewhort (1967) used different degrees of approximation to English to manipulate difficulty and demonstrated that partial report accuracy (of both familiar and unfamiliar items) was a monotonically decreasing function of overall array difficulty (unfamiliarity). With respect to the between-arrays effects of Johnston and colleagues Johnston et al., 1990; 1993) , the difference in accuracy between the all-familiar (0:4) and all-novel (4:0) conditions demonstrates that the processing of familiar items is less difficult than that of the novel ones, presumably because they require less time or fewer resources. Therefore, assuming limited time, resources, or both (Kahneman, 1973; Kantowitz, 1985; Lavie & Tsal, 1994) , when one novel item is embedded in an array with three familiar ones, overall time or capacity requirements of the task should be greater than with four familiar items and less than with four novel items. As such, assuming an inverse relationship between overall array difficulty and performance (as empirically demonstrated by Mewhort, 1967) , when compared to the homogeneous baseline conditions, performance on the familiar items in a one-novel-three-familiar array should deteriorate, and performance on the novel one in that array should improve. Although this perceptual-cognitive load interpretation can explain between-arrays effects, it cannot accommodate (without additional assumptions; see Footnote 3) the within-array advantage shown in Figure 2 for the novel item Reprinted with permission.
Familiar Novel
All-Novel in the one novel array. Because between-arrays effects can be attributed to novel popout or to differences in perceptual-cognitive load across the three array types, it is the within-array novel advantage that is crucial for building a case for novel popout or, more generally, any special treatment of lone novel items. The second point is that some of the experiments in the three target articles suffer from confounds in which novel and familiar items are probed with different probabilities. If participants acquire an explicit or implicit expectancy that they are more likely to be asked about the locations of novel items, then attention may respond to this knowledge rather than to novelty per se. Such a use of novelty as a cue, although interesting, is not the same as the exogenous attraction of attention toward items simply because they are novel. There are two distinctly different problems of this sort (novelty confounded with target probability) with some of Johnston and colleagues' experiments Johnston et al., 1990 Johnston et al., , 1993 , which are described when the relevant studies are presented. Johnston et al. (1990) In the first experiments of Johnston et al. (1990) , a withinarray advantage was found for the novel item in the 1:3 array. However, as Johnston et al. (1990) pointed out, "In all of [these] studies, novel words were both presented and probed for more often than familiar words .... This may have yielded a bias to search, even covertly and automatically, for novel words throughout the experimental sequence" (p. 405). Johnston et al. (1990) were concerned that novel items might receive special treatment not because they were novel, but because, on an experimentwise basis, novel items were more likely to be probed. Therefore, in Experiment 4, which used all-familiar (0:4), all-novel (4:0), and one-novel-three-familiar arrays (1:3), this confound was eliminated (Actually it was reversed: Familiar items were slightly more likely to be probed.). The data from this experiment is shown on the left side of Figure 2 (see Figure  7 from Johnston et al., 1990) . Although there is a clear trend for a within-array novel advantage in the 1:3 condition, it must be noted that this difference was not significant, F(1, 41) = 1.9. Is the nonsignificance of the within-array novel advantage due to lack of power, or is there really no withinarray novel advantage when novel items are not, on an experimentwise basis, more likely to be probed than familiar ones? A replication with additional power would be desirable to assess this (see Experiment 7 of Johnston et al., 1993) .
Johnston et al. (1993)
The first six 1 experiments of Johnston et al. (1993) suffer from a serious design flaw: When there is a single unusual item (which is novel in Experiments 1-4), that item is more likely to be probed than the other items. Thus, on these trials, once the processing system detects a location containing a novel item, this is an informative cue indicating a location that is three times more likely to be probed than any other location. As the familiar-repeated items become distinguished from novel-unique ones, it is then possible--and desirable from the point of view of optimizing peffor-] Although Experiments 5 and 6 (Johnston et al., 1993, pp. 149-152) suffer from this flaw, we do not discuss them here because they did not use any novel items. mance--for the novel items to be attended. The major findings in these experiments are (a) lack of novel popout effects on accuracy with a weak manipulation of familiarity (Experiments 1 and 2); (b) growth of the effects with number of repetitions of familiar arrays (Experiment 3); and (c) the importance of the familiar items in the one novel arrays (1:3) having appeared together for the occurrence of between-arrays novel popout (Experiment 4). These effects are all consistent with the possibility that novel items in the 1:3 arrays might attract attention, not because they are novel, hut because they are more likely to be probed. Whether or not participants are explicitly aware of the probe-probability contingencies (see Berry, 1993 , for a review of studies showing acquisition of contingencies without awareness or intention), this confound completely compromises these experiments and makes it impossible to attribute a novel advantage to novelty per se.
In Experiment 7, Johnston et al. (1993) used proportional cuing in order to avoid this confound. This experiment was basically a replication of Experiment 4 from the 1990 study (which also did not contain the cuing confound we have just described), but with 2.5 times as many participants and a parametric manipulation of the duration of the array. As can be seen in Figure 3 ( Figure 6 from Johnston et al., 1993 p. 151) , the potentially diagnostic within-array advantage for novel items in the 1:3 arrays is not obtained, and the findings from the 200-ms-exposure conditions do not replicate the nonsignificant pattern from Experiment 4 of the 1990 article (which also used a 200-ms exposure). Given the increased power of this experiment, it seems likely that the trend for a within-array novel advantage in Experiment 4 of the 1990 article was not real. Moreover, the lack of a within-array effect in this experiment, where novelty is not a cue indicating which item may be probed, strongly suggests that the findings of Experiments 1-4 (Johnston et al., 1993) , where novelty was a cue, were compromised by this confound.
Although all the items in the 1:3 array condition were equally likely to be probed in Experiment 7 of Johnston et al. (1993) , there was an experimentwise bias favoring the familiar items. This bias was larger than in Experiment 4 of the 1990 study, and it is remotely possible that this bias has masked a within-array novel advantage. To assess this possibility, a completely balanced experiment (e.g., the 4:0 and 0:4 arrays are equiprobable, and the 3:1 and 1:3 arrays are equiprobable) should be run. Additionally, regardless of array composition the four displayed items should be equally likely to be probed. Hawley et al. (1994) applied the Johnston paradigm using nonsense strings. As in the previous studies, the familiar items were members of a fixed set presented repeatedly and the novel items were each presented once. The major difference is that in the previous studies (Johnston et al., 1990 (Johnston et al., , 1993 ) all items were familiar-known (in the absolute sense) at the beginning of the experiment by virtue of being words, whereas in Hawley et ai.'s study none of the items were known. Between-arrays effects were observed in all three experiments (see Figures 2-4 from Hawley et al., 1994) , but in no case was there a within-array advantage for the novel item in a 1:3 array.
Hawley et al. (1994)

Summary
As can be seen in Table 1 , which summarizes the methods and findings from Johnston et al. (1990 Johnston et al. ( , 1993 and Hawley et al. (1994) , the within-array advantage for single novel items in 1:3 arrays is not robust. Indeed, when studies with untoward confounds are disregarded, the within-array advantage is rarely obtained.
Field Segregation Without Rapid Orienting of Visual Attention Can Explain a Within-Array Advantage for Single Novel Items
There are occasional situations where the within-array advantage for the single novel item is significant and where the possibility of contamination by experimental confounds can be disputed. Experiment 1 of Johnston et al. (1990;  see review earlier in this article) is one such example. Because the different array conditions in that experiment were blocked, the participants who had the 1:3 condition first would not have been biased to expect novel items to be probed. The data from this experiment were not separated by the two orders, but the authors mention that there were no important effects of order.
Would a within-array advantage, when it is uncompromised, imply that a single novel item gets special treatment? Let us assume that Johnston et al. (1993) were correct in the proposal that the visual field on one-novel-three-familiar (1:3) trials is segregated into familiar and novel regions. In this case the following decision diagnostic allows for the location of the novel item to be determined even when no specific identities are extracted from the target array and no assumptions are made about the direction of attention. Suppose there are some trials with very poor encoding or storage of specific identity information (a reasonable supposition given the generally low accuracies in the experiments under review). On such a trial, identity codes would be unavailable but, because information about regional segregation is preserved, when the novel item is probed the participant can always correctly localize it to the unfamiliar region. In contrast, when a familiar item is probed the participant may use the field segregation information but will be correct only 33% of the time. To provide a concrete example of this diagnostic, suppose that you were at a meeting of the Society Psychonomics when an array consisting of IOR, RSVP, PRP, and NHL, was presently so briefly that no identity information was available, but field segregation was achieved. You would then have the impression that the first three positions contained concepts you had recently experienced whereas the fourth did not. If any of the familiar terms were probed, localization accuracy would be poor, but if the novel item were probed, you could localize it accurately even though no identity information was available.
We have described an extreme case (no identity information and perfect field segregation) to make this diagnostic clear. It is easy to see that mixing a range of cases (with random extraction of identity information at each location) can produce various degrees of within-array advantages for a lone novel item in a 1:3 array. Thus, an advantage for the single novel item over the three familiar ones in the localization task 2 used in the three target articles can be explained without assuming special treatment or rapid orienting of visual attention.
It is reasonable for the reader to ask whether a diagnostic like this, which depends on novel-familiar field segregation, might work in the 3:1 array (three novel, one familiar). Johnston et al. (1993, Experiment 4) showed that it is not the mere frequency of presentation of the individual familiar items that leads to field segregation, but their repeated presentation together in the target array. Johnston et al. (1993) referred to the result of frequent joint exposure as "unitization of the familiar field" (p. 145), and our criticism of the rapid orienting of visual attention claim does not apply to their suggestion that the array may be segregated (sometime after presentation) on the basis of a familiar field. Indeed, Johnston et al. (1993) demonstrated that when one familiar item is presented with three novel ones, the array is not segregated and without such a segregation, the diagnostic just described does not work (i.e., a single familiar item does not constitute a familiar field).
Methodological Criteria for Evaluating Rapid
Orienting of Visual Attention
Suppose that the field segregation diagnostic just described could be ruled out as causing, or contributing to, the within-array advantage for novel items in a 1:3 array and that it was therefore accepted that the novel item in such arrays receives special treatment. Would such special treatment have to involve the rapid orienting of visual attention? 3 No. The method used by Johnston and colleagues Johnston et al., 1990 Johnston et al., , 1993 is not suitable for attributing observed effects to rapid orienting of visual attention. There are two reasons for this.
First, the timing of the probes in the studies reviewed is not appropriate for measuring a rapid shift of visual attention. Recall that in none of the experiments reviewed was the interval between onset of the array and the delivery of the probe less than 583 ms and that in most cases it is considerably longer. An effect on the accuracy of identity localization that is measured between 0.5 and 1 s after the presentation of an array can be mediated by processes operating during any combination of the encoding, storage, and retrieval of the array information. This effect certainly cannot be used to make claims about attentional shifts any specific time prior to the time of the probe. To support the claim that an effect is due to attention being rapidly allocated to regions of the visual array, probes must be presented during the hypothesized shift of attention. Second, the probe task used in the reviewed studies is not well suited for drawing inferences about attention. The localization task requires that the participant extract identity information and assign it to various locations. Whether the familiarity manipulation is contextual, as in Hawley et al. (1994) and Johnston et al. (1990 Johnston et al. ( , 1993 , or absolute (known vs. unknown identities), there will be some difference in the stored identity information for the familiar and unfamiliar items. This difference is likely the most important contributing factor to the baseline advantage observed for relatively familiar items in the studies examined here, just as it is with absolute familiarity in the ubiquitous object and word superiority effects (Reicher, 1969; Weisstein & Harris, 1974) . Thus, in mixed arrays, performance differences associated with the familiarity status of the probed item that are hypothesized to be caused by rapid orienting of visual attention would be confounded by more direct contributions to task performance from information in the stored representations of the presented items. It must be noted that contributions from stored representations--whether on the allocation of attention or more directly upon task performance-would tend to disadvantage absolutely novel items in an absolutely familiar array. However, the net contribution from stored representations when the novel-familiar difference is implemented through frequency of presentation (of known or unknown items) in the context of an experimental session is indeterminate, because phenomena with opposing effects, such as repetition priming (Scarbor-2 There was a report identity task (one location is probed after the four-item array and the participant must report the identity of the item that appeared in that location) that Johnston et al. (1990) described in the prologue to their experiments for which they obtained the within-array advantage for single novel items. This finding circumvents this particular diagnostic but opens the door to the following variant. Suppose that Johnston et al. (1993) were correct in suggesting that the field in a 1:3 array is segregated into familiar and novel regions and that all identities are encoded but are not well conjoined to locations. If the location containing the novel item is probed, the participant can be 100% correct by responding with the novel item; but if a location containing a familiar item is probed, only 33% correct will be achieved.
3 One alternative to rapid orienting of visual attention and the decision diagnostic we have described, suggested by J. Theeuwes (personal communication, 1994) , proposes a serial attention mechanism that processes display items randomly until the mask obliterates the information in the array. On the basis of the baseline advantage for familiar words, Theeuwes assumed that this mechanism spends more time on novel than familiar items. Theeuwes then made the reasonable assumption that the degree of integration of an identity with its location is monotonically related to the length of time attention spends encoding that item's identity. Therefore, in a 1:3 array, when the novel item is (randomly) selected it is processed for a longer amount of time than any familiar item and therefore localization performance is better for the novel item. It should be noted that this proposal can be generalized to one in which array items are processed in parallel, by the simple substitution of resources for time: (a) items differ in their resource requirements, (b) total resources are limited, and (c) integration of identity and location information is monotonically related to resources allocated to a display item. ough, Cortese, & Scarborough, 1977) , repetition blindness (Kanwisher, 1987) , and semantic satiation (Smith & Klein, 1990) , would be operating on the representations of frequently presented (relatively familiar) items. To avoid these confounds, we urge investigators interested in the knowledge-attention interface to use a probe task, such as the discrimination of target luminance or motion, that does not entail the use of identity or other information stored in memory about the probed items.
An example of an experiment that used such a probe task can be found in Christie and Klein (1995) . In this experiment, participants were presented two items, either of which could be familiar (word) or unfamiliar (nonword) in the absolute sense (see discussion in the General Overview section). At varying intervals after the onset of the two items, one moved up or down, and the participant's task was to indicate the direction of movement. This motion discrimination task does not require the participant to use information that may be stored in memory about the items, nor would such information be helpful (Earhard, 1968) . Christie and Klein (1995) reasoned that, in a mixed array (their mixed arrays consisted of one novel with one familiar letter string), if attention were drawn to the unfamiliar (or familiar) item, then judgments about the motion of such an attended item would be more efficient (faster, more accurate, or both) than they would be for an item that did not attract attention. Comparison of performance between displays when both of the items were familiar and when both were unfamiliar revealed that, regardless of the time after stimulus onset the motion occurred (SOAs ranged from 100 to 400 ms), there was no effect of familiarity on the motion judgment. This finding replicates Earhard (1968) and provides an unambiguous baseline from which to interpret the performance patterns in the mixed arrays. Performance on such mixed arrays was more efficient when the word moved shortly after array onset than when the nonword moved, suggesting that the familiar item had rapidly attracted visual attention in this experiment.
Conclusion
The between-arrays effects in the target studies Johnston et al., 1990 Johnston et al., , 1993 do not compel a rapid visual orienting account, because such effects could be associated with cognitive load differences demonstrated by the baseline difference. The within-array advantage for novel items is rare in the target studies and the methods used to produce it are often compromised. Even assuming it is sometimes genuine, the within-array advantage for novel items can be explained without recourse to special treatment of the novel item; and even if special treatment is granted, given the timing and nature of the probe, an explanation in terms of rapid orienting of visual attention is not compelled. To determine if, and if so when, unexpected items in an expected unitized context exogenously attract visual attention-as claimed by Johnston and colleagues Johnston et al., 1990 Johnston et al., , 1993 and not disproved by any of the preceding criticisms--we suggest that a probe method that does not entail the use of identity information (Christie & Klein, 1995) be applied after participants have had sufficient experience with a set of items.
